Pro-oxidant role of heme oxygenase in mediating glucose-induced endothelial cell damage.
Oxidative damage to the vascular endothelial cells may play a crucial role in mediating glucose-induced cellular dysfunction in chronic diabetic complications. The present study was aimed at elucidating the role of glucose-induced alteration of highly inducible heme oxygenase (HO) in mediating oxidative stress in the vascular endothelial cells. We have also investigated the interaction between HO and the nitric oxide (NO) system, and its possible role in alteration of other vasoactive factors. Human umbilical vein endothelial cells (HUVECs) were exposed to low (5mmol/l) and high (25mmol/l) glucose levels. In order to determine the role of HO in endothelial dysfunction and to elucidate a possible interaction between the HO and NO systems, cells were exposed to HO inducer (hemin, 10 micromol/l), HO antagonist (SnPPIX, 10 micromol/l), and NO synthase blocker (L-NAME, 200 micromol/l) with or without NO donor (arginine, 1 mmol/l). mRNA expression of HO and NO isoforms was measured by real time RT-PCR. HO activity was measured by bilirubin production and cellular oxidative stress was assessed by 8-hydroxy-2'-deoxyguanosine (8-OHdG) and nitrotyrosine staining. We also determined the expression of vasoactive factors, endothelin-1 (ET-1) and vascular endothelial growth factor (VEGF). In the endothelial cells, glucose caused upregulation of HO-1 expression and increased HO activity. A co-stimulatory relationship between HO and NO was observed. Increased HO activity also associated with oxidative DNA and protein damage in the endothelial cells. Furthermore, increased HO activity augmented mRNA expression of vasoactive factors, ET-1 and VEGF. These data suggest that HO by itself and via elaboration of other vasoactive factors may cause endothelial injury and functional alteration. These findings are of importance in the context of chronic diabetic complications.